Introduction
Accountability is a tool used frequently in many settings to encourage people to follow a particular course of action. 1 It is widely used to encourage human behaviors, from formal accounting of sales in business, to reporting of research progress at weekly laboratory meetings. 2 The importance of accountability is illustrated by the example of piano lessons. Students take once-a-week piano lessons and have a recital in 10-12 weeks. In anticipation of each weekly lesson, students practice. If it were not for weekly piano lessons, it is unlikely that students would practice much until just before their recital. The anticipation of the weekly social interactions between the student and the teacher is critically important in holding the student accountable to practice (even if there is no formal accounting of exactly when the student practiced).
We define accountability as "the expectation of account-giving"; 3 where accountability involves an expected social interaction. Accountability is not widely used to encourage adherence behavior in clinical practice. 4, 5 On the contrary, patients are often prescribed a medication with no follow-up until another office visit 8-12 weeks later. Accountability is far more commonly present in clinical trials ( Figure 1 ).
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Oussedik et al accurate) patient diary that recorded subjects' use of medication. The anticipation of the follow-up visit motivates research subjects to follow the clinical protocol. 8 Typical clinical practice does not include frequent interval follow-up visits, and adherence is much worse in clinical practice than in clinical trials. 9 The lack of accountability in clinical practice may relate to an assumption that since patients want to get well, they will take their medication without the need for external accountability. Formal models of health behavior do not make such assumptions. Health behavior theories are used to better understand why patients do not follow recommendations of health professionals and to guide development and refinement of effective adherence interventions. [10] [11] [12] Interventions that use health behavior theories and specifically those that incorporate multiple theoretical concepts are more effective than those that do not. [13] [14] [15] The Health Belief Model (HBM) is the oldest and most commonly used of all health behavior models. 16 It views health behavior as a dynamic interaction between the possible barriers and benefits to engaging in a behavior. 17 A limitation of the HBM is its lack of incorporation of social influences and social norms. 18, 19 Social influences, social norms, and the anticipation of a social interaction are all critical components of accountability. Many theories have tried to explain poor adherence behavior and many interventions have been developed to improve adherence, but accountability, used to foster a specified course of action throughout other spheres of human activity, has not been given strong consideration either in adherence models or in clinical practice. The purpose of this paper is to describe the concept of accountability and to incorporate accountability into an adherence model that can be used to guide development and refinement of novel adherence interventions.
Accountability
Accountability requires the expectation of being held to account. A common example of accountability is the Hawthorne effect, that measuring a behavior changes the behavior. 20 The Hawthorne effect is embodied in the phenomenon of white coat compliance, an increase in adherence behavior observed in association with visits to a health care provider. 21 Hawthorne effects, like white coat compliance, are generally considered a bias that should be avoided in research settings. 20 The idea that such Hawthorne effects should be harnessed and used as a means to improve adherence has not been widely considered.
While accountability is a social phenomenon, it does not necessarily require direct human contact. Accountability partners help people keep a commitment, without the requirement of physical contact. 22 The interaction can be effected through cyberspace, such as by text or instant messaging. 23 The lack of requirement for direct human contact means that accountability-based adherence interventions could be implemented at low cost. An Internet-based, weekly reporting intervention increased adherence to acne treatment in adolescents by .100% (Figure 2) . 24, 25 A similar intervention Figure 1 The frequency of office visits in clinical trials greatly differs compared to those seen in practice. Notes: Clinical trials typically include assessment visits often during a study. Having a visit at baseline (week 0) and weeks 1, 2, 4, 6, 8, and 12 is common. This allows the clinical researcher to report the course and effectiveness of the intervention. In the "real world", visits typically occur every 12 weeks. The increase in office visits seen in clinical trials might indirectly increase patient adherence to the intervention. This practice lies in parallel to the flossing before the dentist and weekly piano lesson behaviors.
Figure 2
The effect of accountability in medication adherence.
Notes:
The group randomized to the internet-based survey (accountability intervention) once a week had higher rates of adherence over the 12-week study period. 
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Accountability: a missing construct was tested in adults with psoriasis and again led to increased adherence rates. 26 The weekly reporting was hypothesized to instill a sense of accountability, similar to the Hawthorne effect or (cyber) "white coat compliance". 20 While other electronic-based reporting interventions exist -physician chat lines, interactive programs, monitoring programs, and online surveys -none of these interventions have traditionally considered having accountability as a foundational psychobehavioral construct. 27 In the acne and psoriasis Internet-based interventions, in contrast to a weekly reminder to take medication, patients were asked to report their medication experience on a weekly basis; accountability is a construct distinct from cues of action used in the HBM. 17 However, whether the effectiveness of these accountability/reporting interventions was driven by fear of shame or by more positive volitional aspects has not been investigated. People adhere better when they are held accountable, particularly when they are held accountable to people they respect and who care about them. 28 Furthermore, the effect of accountability was tested by Rogers during the 2010 US Senate election. By sending out a pamphlet to potential voters stating "You may receive a phone call after the election to discuss your voting experience", voting increased by ~50%. 29 Rogers suggested this behavior was driven by reputational concern. Reputational concern is driven by social interactions; it may have both negative (shame) and positive (pride) components. The soft "may" used by Rogers may have the advantage of helping to minimize oppositional defiant behavior. Rogers' findings indicate that even the expectation of the possibility of an accounting to an unconnected individual can have large effects on human behavior. 29 The accountability inherent in the expectation of a social interaction between a patient and health care provider at a follow-up visit affects patients' motivation to adhere to treatment. Based on the Self-Determination Theory, we consider two extreme forms of accountability that exist in a spectrum: first, an accountability that is based on a paternalistic sense of duress that we term controlled accountability; and second, an autonomous internal desire to please that we term autonomous accountability. Based on the Self-Determination Theory, we anticipate that adherence interventions based on autonomous accountability will have the greatest long-term effectiveness.
Accountability is a new theoretical construct to adherence research. We first discuss several well-established theories of adherence behavior and how the constructs of autonomous and controlled accountability may fit within their frameworks. Then, we will discuss potential applications of this construct to facilitate adherence to health-promoting interventions, along with possible strengths and weaknesses.
Existing models of health behavior
Many health behavior models have been used to describe adherence behaviors. Health behavior theories have traditionally been characterized into three levels: an individual level, an interpersonal level, and a community level. 16, 30 All three of these levels allow for the identification of differing potential points of intervention. To characterize whether accountability or aspects of accountability exist in health behavior models, a review of English-language articles was performed using MEDLINE, PsycINFO, and Google Scholar using the keywords "health behavior (behaviour) models," "health intervention models," "adherence," "compliance," and "accountability" from start date to August 2016. Criteria of inclusion encompassed theories including either one of the following constructs or concepts: 1) self-efficacy; 2) motivation; 3) social support; or 4) accountability. As no health behavior theories dealing with accountability were found, a second literature search was undertaken to further characterize whether one of the well-studied health behavior theories could include aspects of accountability. Criteria of inclusion encompassed health behavior theories published in English books or those included in a meta-analysis in peer-reviewed journals. Health behavior theories belonging to a community level were excluded. The aforementioned databases were searched again using the names of the health behavior models as search terms. In November 2016, a second review of English-language articles was performed using Business Source Premier from start date to November 2016 using the keywords "accountability" and "behavior (behaviour) models" to further characterize whether formal behavior theories incorporating accountability existed in the business world and whether an accountability scale existed.
A total of eight health behavior theories met the review inclusion and exclusion criteria (Table S1) . 17, 28, [31] [32] [33] [34] [35] Specific focus on accountability was not found in any of these models; however, to address which of these health behavior models would lend itself well to accountability, a panel of reviewers with expertise in medicine, management, psychology, social science, and health services research were assembled between August 2016 and December 2016 for a total of five meetings.
The panel of reviewers' end focus was predicated on the Social Cognitive Theory and Self-Determination Theory, two theories that could easily incorporate aspects of accountability in health care settings. A short review of these models and how the construct of accountability may fit within their framework follows. 38, 39 Social interactions, a critical aspect of accountability, are also critical to the satisfaction of competence, autonomy, and relatedness. 40 Relatedness relates to the feeling of being cared for and having the impression of being connected to others. Competence is the feeling of mastery; where this sense of competence is portrayed by the environment -by how others react to your work. Finally, autonomy is a self-endorsing type of belief where the individual wholeheartedly believes that what he or she is doing abides to his or her core beliefs. 28 All three of these psychological needs could potentially function as regulators in accountability. Individuals undertake responsibilities and execute them when they are held accountable to people they respect and to people to whom they are connected. 28 Organismic Integration Theory is the second integral portion of the Self-Determination Theory. 41 It broadly classifies motivation into a continuum of two broad categories: controlled and autonomous. 42 Controlled motivation relies on the avoidance of shame or guilt. 43 However, it has classically been portrayed as a poor parameter for motivating long-term behavior change. 44 In contrast, autonomous motivation's reward is purely internal (eg, general pleasure). 28 The "expectation of account-giving" through a social interaction potentially can induce both types of emotional states -one of duress, the other of volition -or some combination of the two.
Social Cognitive Theory
Bandura's Social Cognitive Theory encompasses three broad, dynamic components: personal factors, environmental factors, and behavioral factors. 34 Environmental factors consider social norms, social interactions, and social support, all factors that can be considered in addressing accountability. Personal factors account for cognitive abilities, beliefs, and attitudes, while behavioral factors are mediated through selfefficacy and self-regulation. 34 Personal beliefs and attitudes can modulate whether an individual portrays a potential social interaction as a form of stress, fear or shame, or as a pleasant, beneficial encounter.
Self-regulation alongside self-observation are core values in the Social Cognitive Theory. Self-observation is the first step, where the individual observes his or her behavior and thereafter uses self-regulation to control his or her response to the behavior. 45 Accountability can be incorporated into such a theory through self-observation, where the individual realizes he or she is being held accountable to adhere to a certain intervention. Through accountability, patients may feel a sense of responsibility and fulfillment when satisfying their goals through self-regulation. 34 Perhaps, the most well-known component of the Social Cognitive Theory is self-efficacy, or a person's belief about his or her personal ability to execute a desired behavior in a specific situation to produce an outcome. 34, 46 Sources of information that enhance self-efficacy include direct experience or mastery experiences, vicarious experience or modeling, verbal or social persuasion, and interpretation of physiological states. Such social norms, social interactions, and social support are all critical and underappreciated constructs that greatly help the individual engage in a behavior. 30 These experts provide a nest for social interaction and support. 34 However, experts, such as health care providers, clinicians, or piano teachers, may also be prone to share aspects of accountability. In anticipation of a pupil or patient's upcoming visit, the expert may feel motivated by autonomous and controlled accountability constructs to aid the individual in engaging in a behavior. While social interactions and social support are paramount to a patient-centered accountability approach, a provider-centered accountability approach may also play a role in mediating such measures. The essence of this theory lies with reciprocal determinism; that there is a continuous, dynamic interaction between the individual, the environment, and behavior. 30 It is plausible that accountability can fit within the Social Cognitive Theory by being incorporated to enhance self-awareness, self-regulation, and self-efficacy.
The main criticism of the Social Cognitive Theory lies in its broadness. 47 Incorporating all its constructs can be difficult and is most often only partially used. 47 In a systematic review exploring the Social Cognitive Theory in chronic health condition interventions, only 52% of the interventions considered self-regulation, an important concept in Social Cognitive Theory. 47 However, when the model is correctly used, the results have been impressive and the theory has amassed an important research record. [48] [49] [50] Another weakness of the model purports that motivation and emotion are often ignored. However, accountability has a close relation to motivation; adding accountability to the Social Cognitive Theory could eliminate one of its core weaknesses.
Discussion
A specific focus on accountability was not found in any of the identified published health behavior models. 
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Accountability: a missing construct informed by the Self-Determination Theory, would be a suitable model into which accountability could be incorporated. Revisiting accountability, we stress that the "act of accounting" is not what affects adherence behavior; the expectation of account-giving through social interactions is the critical intervention, changing patients' behaviors in the days leading up to the expected social encounter. Without a social presence, the "act of accounting" is not generally plausible. While individuals may be able to account to themselves, we stress the importance of a social interaction. Accountability is generally considered an inherently extrinsic factor that, within the context of the Self-Determination Theory, may be perceived along the continuum of controlled versus autonomous motivation.
Controlled accountability is the expectation of accountgiving causing a sense of pressure or duress. An example of this is the accountability to a cold, strict piano teacher who shames students who do not practice. In this example, there is a controlling external motive for the student to practice. While the piano teacher may not have any formal, validated means for assessing how often or how much the student practiced, the student may still feel pressured to practice by the expectation of the social interaction that will take place at the lesson. In its traditional sense, accountability has mainly been considered a controlling behavior.
In contrast to controlled accountability, in autonomous accountability, a relatively novel term, the expectation of account-giving causes a behavioral change for positive reasons. Given the self-driven nature of autonomously motivated behavior, 17 one would assume that an accountability figure would not be necessary for autonomous goals. However, past work suggests that autonomous behaviors do indeed benefit from an accountability figure. 9, 51 In the context of piano playing, an autonomously motivated learner may be excited about sharing their progress with a beloved teacher, may feel an internal sense of pride for performing well for the teacher, or may have the belief that practicing in anticipation of a lesson is simply the correct thing to do. Here, the behavior is not controlled by shame but is rather a positive self-choice, one that fits well with patient-centered medical care (Figure 3 ). Autonomous accountability is not purely an intrinsic motivation (in which the behavior is performed out of the enjoyment of performing the behavior); accountability to a health care professional is inherently extrinsic, although not necessarily in any way punitive. However, there are limitations to autonomous accountability, notably in sectors where the patient has not chosen to seek care but is being provided with it compulsorily. Such examples can often be prevalent in the mental health sector. 52, 53 Different environments and different populations may respond more favorably to either autonomous or controlled accountability interventions.
Within this model, shared decision-making and patient autonomy are not ignored, and on the contrary, are encouraged. Self-Determination Theory and Cognitive Evaluation Theory purport the importance of competence, autonomy, and relatedness, 28, 54 into which autonomous and controlled accountability fit. However, autonomous accountability shares much more of these volitional aspects than controlled accountability. Better use of an accountability figure, particularly a caring health care provider, can contribute to cognitivebehavioral interventions to improve adherence and does not need to replace patient autonomy nor shared decision-making.
While no validated accountability measurements exist in health-promotion research, the paradigm proposed here lays a foundation for creating such a measure. The availability of such a tool would permit assessments on how accountability interacts with adherence and with other validated measures. [55] [56] [57] [58] Having the tools to measure both controlled and autonomous accountability is critical as targeting selective interventions that focus more heavily on autonomous accountability may be imperative to long-term behavior change. The relationship of accountability to other constructs ( Figure 4 ) can be assessed with preexisting, validated scales. Self-efficacy, which is expected to be modulated by accountability, can be measured through well-known and validated self-efficacy scales. The General Self-Efficacy Scale 55 is a possible tool, albeit there are concerns that "all-purpose" scales that measure self-efficacy are limited in validity. 
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The relationship between accountability and social support may be measured using the Social Provisions Scale, 57 while personal factors may be measured using validated national demographic surveys or other scales pertinent to the intervention, such as the Hamilton Depression Rating Scale. 58 As validated accountability measurements are sought, other critical biopsychosocial correlating variables may be delineated, such as patient-provider satisfaction, 59 patient-provider trust, 60, 61 and certain emotional states, and/or additional constructs. The development of a validated accountability scale would allow for the design of studies permitting the formation of multiple testable hypotheses (Table 1) . Such adherence studies can be designed through traditional adherencemeasuring randomized controlled trials. 62 Primary outcomes would measure adherence objectively, 63 while secondary analyses would measure the psychosocial constructs in Figure 4 that mediate our theory-driven, cognitive-behavioral model, thus allowing for the objective assessment of the progress of accountability on measures of behavior or adherence. In addition, correlations between each construct and accountability (autonomous and controlled) would provide answers to the testable hypotheses (Table 1) .
Summary and conclusion
Adherence in medicine is poor. [64] [65] [66] [67] Unlike the interactions in many disciplines outside of medicine, there is often a lack of accountability in provider-patient relationships. Given the lack of accountability in health care, poor adherence should not be startling. The relative lack of effectiveness of adherence interventions should not be surprising either, as such interventions -education, motivational interviewing, reminders, etc. -might be expected not to work for piano practice or other human activities in the absence of accountability.
Existing health behavior models have largely missed consideration of the importance of accountability -a clearly effective intervention. 4, 24, 26, 68 The Hawthorne effect is considered an important factor to avoid in studies of interventions. 20 Health behavior models that include accountability would recognize that the Hawthorne effect is a manifestation of a powerful, valuable tool that health care providers can use to promote better adherence to treatment. Yet, existing models, notably the Social Cognitive Theory, can easily incorporate accountability and recognize the importance of social factors that drive human behavior. Self-Determination Theory, for 47 However, when all constructs are used, the predictive power of the Social Cognitive Theory is quite high. 48 Although a few questions persist regarding this novel theoretical framework, this allows for the formation of testable hypotheses to fully elucidate autonomous and controlled accountability's components (Table 1 ). While this model is attributable to studying, and measuring adherence, measurements of the individualized constructs are important in order to better understand and target different interventions. 69, 70 Research studies that measure accountability -both controlled and autonomous -can help better define how accountability can best be achieved and how it can be best used to change patients' behaviors. Research issues to consider include how accountability can affect short-term changes in initial use of treatment, how initial better adherence may affect longer term use, and how accountability might be used over longer periods of time without inducing fatigue.
Humans are social beings. Behavioral interventions and their models have largely focused on the individual. 71 The power of a connected provider-patient relationship to influence patients' behavior should be studied and not underestimated or ignored. Grounded in the Social Cognitive Theory, we have developed a model that includes accountability as a key construct. Although all the constructs that account for this model have been validated, the model itself has not. This modification of the Social Cognitive Theory model will permit both testing the role of accountability in this model and the development and refinement of new interventions to promote better adherence.
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